, which yield the core structure, core energy, and Peierls stress of screw dislocations in bcc transition metals and dilute alloys, are based on procedures leading to static equilibrium and neglect all dynamical effects.
The idealized lattice-dynamical models of Celli and Flytzanis [4, 5] and of Ishioka [6] lead through diffe-rent approaches to quantitative relations between the applied stress and dislocation velocity. The basic model of Celli and Flytzanis, for a screw dislocation moving in a simple cubic (SC), nearest-neighbour, harmonic lattice, with snapping bonds, was recast by Glass [7] in terms of a dynamic source-force (generalized from the Boyer-Hardy static force [8] )
for arbitrary dislocation motion and of the phonon Green's function. One object of reference [7] was to derive expression amenable to straightforward generalization to take into account, for example, the dynamic effects of point defects, through a modified lattice response function. An expression for the energy dissipated by an harmonically oscillating dislocation in a perfect lattice was derived, and then the way in which point defects should change this expression was outlined
In this paper, we follow up on the ideas of reference [7] , by actually implementing the theory numerically, for the case in which the screw dislocation moves through the SC lattice containing a random array of isotopic mass defects. [10] and [11] ). On the other hand, the effect of the altered masses, via the global change in the lattice dynamics, is totally absent from continuum theory. In fact, we find that the mass-change can add another term to the dynamic interaction between high-velocity dislocations and point defects.
The organization of the paper is as follows. First, we review some of the steps in reference [7] to obtain an expression for the power radiated as phonons from a moving screw dislocation, for the perfect lattice. This leads to an expression for the applied stress versus velocity, which is the same as the CelliFlytzanis result [4] , and which we have evaluated numerically for finite phonon damping (different from Ref [4] ). We then replace the perfect-lattice In the article by Glass [7] figure 1 . Following Boyer and Hardy [8] , the Kanzaki force necessary to create the topology of the screw dislocation is given by :
where m, n denote the atoms at rm, Q, I is the Cartesian direction, b is the Burger's vector (equal to the lattice parameter), mnij" is the matrix of force constants and :
The Kanzaki force, equation (1) , in the co-ordinate system shown in figure 1 , is : Fig. 1. -Geometry of the model considered : a simple cubic lattice containing an infinitely long screw dislocation along the Z-axis, moving in the y-direction, and intersecting the xy-plane at the position R(t).
where v is the dislocation velocity and O(x) is the Heavyside function whose Fourier integral representation is It is usefull to work in reciprocal space ; therefore equation (2) is Fourier transformed with respect to the discrete varilbles ri (i = x, y, z) and the continuous variable t.
It is important to note that the condition of nearest neighbour-interactions appears through the matrix rriz;', reducing the sum over rx to two terms. With the origin as shown in figure 1 [the position of the atom labelled (s, t, p) is r = (sb + b/2, tb, pb)], the Fourier transform of equation (2) is Kx(k, w) = K Qq w) = 0 and : where yT is the transverse force constant, Ni (i = x, y, z) is the number of atoms in the direction i and Gy is a reciprocal lattice vector, Gy = 2 xn/b, n = 0, + 1, ...
As shown in paper I the displacements can be obtained from equation (3) and the phonon Green's functions for the perfect simple cubic lattice :
In the particular model crystal under consideration Gij is diagonal in i and j ; therefore the displacements produced by the Kanzaki force, equation (3) , are only in the z-direction. Since there is no dependence of Kz on z, the relative displacement of atoms along the z axis is 0, implying that there are no waves propagating along the z axis. In conclusion, waves will propagate in the x-y plane with a3 = (0, 0, 1) polarization. For those waves, the phonon dispersion relation entering equation (4) is :
where yT and YL are the transverse and longitudinal force constants respectively. Finally, the displacements are : which after some algebra becomes :
where c is the sound velocity.
As quoted in reference [7] this result is the same as obtained by Celli [4] ).
The energy radiated in the phonon field is equal to the work done by the Kanzaki force. The power dissipated into the whole crystal is :
From equation (6) and from equation (3) Using equations (8) and (9) in equation (7), we obtain :
In the limit 8 -+ 0 we can split the integrand in this formula into its real, R, and imaginary, I Many interesting features are shown in this figure. Three distinctic regions appear : for high velocities (v &#x3E; 0.4 c) the movement is well defined (Ovlaa &#x3E; 0) and similar to that of the continuum theory (in an elastic continuum with dissipation the v -6 relation is linear characteristic of a viscous damping). This high velocity region is equivalent to that obtained by Celli and Flytzanis [4] . At figure 2 equals the static Peierls stress evaluated in equation (15) , in contrast to the results of Weiner [12] and Ishioka [6] in one dimensional models, where a dynamic Peierls stress, lower than the static one, is found Experiments on dislocation velocity under known stress pulses [13] , near the critical stress, reveal dislocation velocities some order of magnitude lower than the sound velocity. At the lowest temperature reported in reference [13] , 77 2. The influence of point defects.
The Green's function, equation (4), which enters the equation for the dissipation, equation (14), is the response function of the perfect crystal. Since it is just the imaginary part of this function that needs to be calculated, see (12) figure 3 . It corresponds to the acoustic band which ends at w2 max = 4/M + 2 .
The Green's function in equation (16) is defined through the Hamiltonian of the perfect lattice, H, as When impurities are present a perturbation term appears which in the site representation and for an isotopic substitutional impurity reads where MB is the mass of the impurity atom, MA is that of the host atom, A(1) equals 1 if the site I is occupied by an impurity atom and 0 otherwise and 8(1) = (MB/MA -1) A{I).
The formal solution for G(E) is where now P(E) = (H -E)-1 is the perfect lattice Green's function. Equation (19) can be written as a Dyson equation Equation (20) [15, 16] .
In a further degree of sophistication of the model, it should be possible to introduce point defects in interstitial positions. In the case of the dumbbell interstitial in f.c.c. lattices, the low frequency resonances produced by the librational and translational modes [17] could have interesting consequences on the dislocation mobility as mentioned in reference [7] .
Finally the inverse problem can be studied A moving dislocation radiates transverse phonons with a frequency distribution which is a function of its velocity and the model parameters. A point defect having peaks in its local frequency spectrum at those particular frequencies could be excited at high amplitudes. If the vibration corresponds to a diffusion mode the diffusion coefficient could be modified in the neighbourhood of a moving dislocation.
